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(57) ABSTRACT

An electronic device and a focus adjustment method thereof
are provided. The electronic device and the focus adjustment
method thereof pre-process the image frames captured to
provide focus information of the image frames and adjust
the focus according to the focus information. Therefore, as
the subject followed or the current scene is out of focus in
response to movement of the electronic device, the present
invention can immediately obtain the change of focus via the
focus information and effectively adjust the focus according
to the focus information.
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capturing a plurality of image frames of at least one scene by the
image sensor unit

¥
L : . , 5362
processing the image frames to provide focus information of the |
image frames by the pre-processing unit
¥
5303

determining a focus change condition of the image frames by the
imnage processing unit

¥

adjusting the lens module by the tmage processing unit 8304

according to the focus information i response to the focus
change condition being satisfied

FIG. 3
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8401
apturing a plurality of image frames of at least one scene by the -

image sensor unit

¥

S402
processing the image frames to provide focus information of the |~
image frames by the pre-processing unit

¥

determining a focus change condition of the image frames by the| -
image processing unit

i

obtaining a first focus state of one of the image frames by the |
image processing unit according to the focus wiormation

5405
" determining whether N o
< the first focus state is withina focus = N = A
- _range of the lens module — o
Yes 8406

determining an optimal adjustment position of the lens module

by the image processing unit according to a predetermined = B
profile L

transmitting a final control signal carrying the optimal
adjustment position from the image processing unit to the image
sensor unit to adjust the lens module

FIG. 4A
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calculating a first sharpness value of the 1mage frame and
determining a current position value of the lens module by the
1mnage processing unit

5409

3

determining a first adjustment direction by the image processing
unit according to the current position value of the lens module

8410

determining a first adjustment position by the 1mage processing
unit according to the first adjustment direction

5411
3

P

transtutiing a first control signal carrying the first adjustment
position from the tmage processing unit to the image sensor unit
to adjust the lens module

é S412

determining a second focus state of the image frames by the
image processing unit upon the lens module being adjusted A D
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according to the first control signal
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| 5414
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calculating a second sharpuness value of the image frame by the
image processing unit
S415
‘ .
comparing the second sharpness value with the first sharpness
value by the image processing unit to determine a second
adjustment direction
S416
determining a second adjustment position of the lens module by
the image processing unit accordmg to the second adjustment
direction
5417
% '

transnitting a second control signal carrying the second
adjustment position from the umage processing unit to the image
sensor unit o adjust the lens module

_—determining whether an optimal ™~ )
L . L i ; . / \
< adjustment position of the lens module > w\\D )
- . T . . P 7
~_with best focus 1s determined

Yes 5419
¥ p

transmitting a final control signal carrying the optimal
adjustment position from the image processing unit to the image
sensor unit to adjust the lens module
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53501
capturing at least one image frame by the tmage sensor unit
8502
e
determining a focus state and a sharpness value of the image
frame by the pre-processing unit
S503

‘adjusting an adjustment position of the lens module of the image
- sensor unit by the image processing unit according to the focus |
‘ state and the sharpness value |

FIG. 5
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capturing at least one unage frame by the 1mage sensor unit

determming a focus state and a sharpness value of the image
frame by the pre-processing unit
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determining an adjustment algorithm by the image processing
unit according to the focus state

$604

adjusting the adjpustment
position of the lens module
by the tmage processing unit
according to a predetermined
profile in response to the
focus state being within a
predefined range

adjusting the adjustment
position of the lens module
by the image processing unit
according to a position of the
lens module and the
sharpness value 1n response
to the focus state being out of
the predefined range
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ELECTRONIC DEVICE AND FOCUS
ADJUSTMENT METHOD THEREOF

This application claims priority to U.S. Provisional Patent
Application No. 61/608,780 filed on Mar. 9, 2012, which is
hereby incorporated by reference in its entirety.

CROSS-REFERENCES TO RELATED
APPLICATIONS

Not applicable.
BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an electronic device and
a focus adjustment method. More particularly, the present
invention relates to an electronic device with a focus adjust-
ment function and a focus adjustment method thereof.

2. Descriptions of the Related Art

Various electronic devices (e.g., conventional mobile
phones, smart phones, notebook computers, tablet comput-
ers, etc.) have become indispensable to everyday lives of
modern people. Almost all electronic device manufacturers
have tried to design electronic devices to keep up with
consumer needs. Among these designs, combining various
image applications with electronic devices has been
regarded as a requirement for people over recent years.

The user may capture pictures or record video by use of
such electronic devices. In general, the user may move the
electronic device to follow certain subject or change the
scene before capturing pictures or during recording video so
that the subject followed or the current scene may be out of
focus. The scene may even change as background condition
changes, for example, sun set or sun rise. In these conditions,
the electronic device might need to adjust the focus accord-
ingly to keep a good image quality at any time for picture
capture or video record.

In view of this, an urgent need exists in the art to provide
a better solution to the problem in which the electronic
device can not effectively and immediately adjust the focus
in response to the subject followed or the current scene being
out of focus.

SUMMARY OF THE INVENTION

The primary objective of the present invention is to
provide a better solution to the problem in which the
conventional electronic devices can not effectively and
immediately adjust the focus in response to the subject
followed or the current scene being out of focus. The present
invention pre-processes the image frames captured to pro-
vide focus information of the image frames and adjusts the
focus according to the focus information. Therefore, as the
subject followed or the current scene is out of focus in
response to movement of the electronic device, the present
invention can immediately obtain the change of focus via the
focus information and effectively adjust the focus according
to the focus information.

To achieve the aforesaid objective, the present invention
provides an electronic device. The electronic device com-
prises an image sensor unit comprising at least one lens
module, a pre-processing unit coupled with the image sensor
unit and an image processing unit coupled with the image
sensor unit and the pre-processing unit. The image sensor
unit is configured to capture a plurality of image frames of
at least one scene. The pre-processing unit is configured to
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2

process the image frames to provide focus information of the
image frames. The image processing unit is configured to
determine a focus change condition of the image frames and
adjust the lens module according to the focus information in
response to the focus change condition being satisfied.

To achieve the aforesaid objective, the present invention
further provides a focus adjustment method for use in an
electronic device. The electronic device comprising an
image sensor unit comprising at lease one lens module, a
pre-processing unit coupled with the image sensor unit and
an image processing unit coupled with the image sensor unit
and the pre-processing unit. The focus adjustment method
comprises the following steps of:

(a) capturing a plurality of image frames of at least one
scene by the image sensor unit;

(b) processing the image frames to provide focus infor-
mation of the image frames by the pre-processing unit;

(c¢) determining a focus change condition of the image
frames by the image processing unit; and

(d) adjusting the lens module by the image processing unit
according to the focus information in response to the focus
change condition being satisfied.

To achieve the aforesaid objective, the present invention
further provides another focus adjustment method for use in
an electronic device. The focus adjustment method com-
prises the following steps of:

(a) capturing at least one image frame by an image sensor
unit;

(b) determining a focus state and a sharpness value of the
image frame by a pre-processing unit; and

(c) adjusting an adjustment position of a lens module of
the image sensor unit by an image processing unit according
to the focus state and the sharpness value.

The detailed technology and preferred embodiments
implemented for the subject invention are described in the
following paragraphs accompanying the appended drawings
for persons skilled in this field to well appreciate the features
of the claimed invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view illustrating an electronic
device according to a first embodiment of the present
invention;

FIG. 2 is a schematic view illustrating an example of the
relationship between sharpness values and adjustment direc-
tions of the lens module according to the first embodiment
of the present invention;

FIG. 3 is a flowchart diagram of a focus adjustment
method according to a second embodiment of the present
invention;

FIGS. 4A-4C is a flowchart diagram of a focus adjustment
method according to a third embodiment of the present
invention;

FIG. 5 is a flowchart diagram of a focus adjustment
method according to a fourth embodiment of the present
invention; and

FIG. 6 is a flowchart diagram of a focus adjustment
method according to a fifth embodiment of the present
invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

The present invention can be explained with reference to
the following embodiments. However, these embodiments
are not intended to limit the present invention to any specific
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environments, applications or implementations described in
these embodiments. Therefore, the description of these
embodiments is only for the purpose of illustration rather
than to limit the present invention. In the following embodi-
ments and attached drawings, elements not directly related
to the present invention are omitted from depiction; and
dimensional relationships among individual elements in the
attached drawings are illustrated only for ease of under-
standing but not to limit the actual scale.

A first embodiment of the present invention is as shown
in FIG. 1, which depicts an electronic device 1 of the present
invention. The electronic device 1 may be a smart phone or
some other electronic devices with a camera function. For
example, the electronic device 1 may also be a notebook
computer, a tablet computer, a personal digital assistant
(PDA), a digital camera, etc.

As shown in FIG. 1, the electronic device 1 may comprise
an image sensor unit 11 comprising at least one lens module
111, a pre-processing unit 13 coupled with the image sensor
unit 11 and an image processing unit 15 coupled with the
image sensor unit 11 and the pre-processing unit 13. The lens
module 111 may be a general lens or a special lens such as
an extended depth of filed (EDOF) lens.

The image sensor unit 11 is configured to capture a
plurality of image frames 20 of at least one scene (not
shown), and transmit the image frames 20 to the pre-
processing unit 13. The pre-processing unit 13 is configured
to process the image frames 20 which belong to raw image
data format to provide the image processing unit 15 with
focus information 22 of the image frames 20. The pre-
processing unit 13 may performs various operations on the
image frames 20 and provides the operation results as a part
of'the focus information 22. For example, the pre-processing
unit 13 may performs a statistic calculation, a sharpness
calculation, a focus state determination and/or other opera-
tions on the image frames 20.

The pre-processing unit 13 is further configured to pass
the image frames 20 to image processing unit 15. Alterna-
tively, the image processing unit 15 may directly derive the
image frames 20 from the image sensor unit 11 in other
embodiments. Upon receiving the image frames 20, the
image processing unit 15 processes the image frames 20 and
outputs the image frames processed (not shown) in suitable
format for display or image capture. For example, the image
processing unit 15 may convert the image frames 20 to RGB
image frames.

Optionally, in other embodiments, the electronic device 1
may further comprise an application unit 17 coupled with
the image processing unit 15 for processing various different
applications. In addition, the image processing unit 15 may
further comprise an ROI determination module (not shown)
configured to receive predefined region information 24 such
as region of interest (ROI) information from the application
unit 17, and provide the predefined region information 24 to
the pre-processing unit 13.

In general, ROI information indicates a predefined region
or designated area of the scene that the user is interested in.
In other words, ROI information would contain information
that the user cares most. Therefore, the ROI determination
module may select an ROI for use in various operations in
response to the predefined region information 24. For
example, the ROI may be selected as a result of face
detection, which might be automatically performed or by a
user input of tapping on a face. The ROI may also be
predefined at a certain region such as the center region of a
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scene, or selected by other image processing techniques
such as edge detection, to designate a specific region auto-
matically.

Once the ROI is determined, the predefined region infor-
mation 24, for example coordinates of vertices, starting
position and/or size information is sent from the image
processing unit 15 to the pre-processing unit 13. Next, the
pre-processing unit 13 may calculates the confidence, focus
state and/or other status information of the ROI and send
them to the image processing unit 15 along with the image
frames 20. In this way, the pre-processing unit 13 derives the
focus information 22 from a predefined region of the image
frames 20 according to the predefined region information
24. That is, the focus information 22 now is limited to focus
information of the predefined region of the image frames 20.

The image processing unit 15 is further configured to
determine a focus change condition of the image frames 20
and control the lens module 111 according to the focus
information 22 in response to the focus change condition
being satisfied. The image processing unit 15 may comprise
a condition determination module (not shown) configured to
determine whether a focus adjustment should be performed
by analyzing scene change such as position change of a
specified subject and brightness/light condition change of a
scene between frames, and determine which adjustment
algorithm should be applied.

For example, if the condition determination module deter-
mines that the lens module 111 needs not dramatic move-
ment, a first adjustment algorithm may be used to slight
adjust the lens module 111. If the condition determination
module determines that the lens module 111 needs dramatic
movement, a second adjustment algorithm may be used to
move the lens module 111 from one end to another. Yet in
another case if the condition determination module cannot
obtain useful information for focus adjustment, a third
adjustment algorithm may be used to perform a full focus
scan to recover focus.

Specifically, the condition determination module is con-
figured to determine a focus change condition of the image
frames 20. In addition, the focus change condition may be
determined as being satisfied by the condition determination
module in response to a variance of at least one predeter-
mined characteristic value of at least two consecutive image
frames of the image frames 20 exceeding a predetermined
threshold. For example, the predetermined characteristic
value may be one of a brightness value, a motion value, a
sharpness value, etc.

Optionally, in other embodiments, the electronic device 1
may further comprise a gravity sensor unit 19 coupled with
the image processing unit 15 for providing gravity sensor
values 26. In this way, the focus change condition is deter-
mined as being satisfied by the condition determination
module in response to a variance of the gravity sensor values
over a time period exceeding a gravity sensor value thresh-
old predetermined.

In detail, if a variance of the gravity sensor values over a
time period exceeds a gravity sensor value threshold prede-
termined, it means that the user might move the electronic
device 1 to record a different scene or to follow movement
of a subject. To avoid misjudge of handshake case, if a
variance of the gravity sensor values over a time period is
slight, it is determined that the scene does not change from
the perspective of the user.

Note that the condition determination module may make
decision based on a plurality of criteria in other embodi-
ments, and whenever any one of the criteria is met, it is
determined that a focus adjustment should be performed.



US 9,438,785 B2

5

Furthermore, the aforesaid types of the focus change con-
dition are only for the purpose of illustration rather than to
limit the present invention.

The method in which the image processing unit 15 adjusts
the lens module 111 according to the focus information 22
is further described hereinafter. In response to the focus
change condition being satisfied, the image processing unit
15 may obtain a first focus state of the current image frame
of the image frames 20 according to the focus information
22. Next, the image processing unit 15 determines a first
adjustment position of the lens module 111 according to the
first focus state. Finally, the image processing unit 15
transmits a first control signal 42 carrying the first adjust-
ment position to the image sensor unit 11 to adjust the lens
module 111.

More specifically, upon obtaining first focus state of the
current image frame of the image frames 20, the image
processing unit 15 determines whether the first focus state of
the current image frame is within a focus range of the lens
module 111 or not. In general, the lens module 111 has a
limited focus range depending on the type of lens. For
EDOF lens, it may be able to stay in focus with larger focus
range. That means, such lens module 111 needs not to move,
or just slightly move its position, still be able to view objects
in a wider range. Normally, if an object only moves slightly
away, the lens module 111 may still be able to view the
object clearly without moving accordingly.

In detail, if the first focus state of the current image frame
is within the focus range of the lens module 111, it may be
suggested that only minor adjustment with a known adjust-
ment position is required. Thus, the image processing unit 15
determines an optimal adjustment position of the lens mod-
ule 111 according to a predetermined profile and then
transmits a final control signal 40 carrying the optimal
adjustment position to the image sensor unit 11 to adjust the
lens module 111. For example, if the first focus state is in a
linear range, the final control signal 40 indicates that the lens
module 111 should be adjusted by an offset in a determined
direction. If the first focus state is in a direction range, the
final control signal 40 indicates that the lens module 111
should be adjusted by direction.

Otherwise, if the first focus state of the current image
frame is out of the focus range of the lens module 111, the
image processing unit 15 calculates a first sharpness value of
the current image frame and determines a current position
value of the lens module 111. Next, the image processing
unit 15 determines a first adjustment direction according to
the current position value of the lens module 111 and then
determines a first adjustment position of the lens module 111
according to the first adjustment direction. The first adjust-
ment position can be a position a predetermined step away
from the current position of the lens module 111 in the first
adjustment direction. Later, the image processing unit 15
may determine how to adjust the lens module 111 to an
optimal position according to the first sharpness value at
different positions.

The image processing unit 15 may further comprise a
sharpness determination unit (not shown) configured to
perform sharpness calculation on the image frames 20 and a
lens control module (not shown) configured to transmit a
first control signal 42 carrying the first adjustment position
to the image sensor unit 11 to adjust the lens module 111.
The first adjustment position may imply the information of
the adjustment direction and the number of steps per adjust-
ment/movement. In another embodiment of the present
invention, the sharpness determination unit may be imple-
mented in the image pre-processing unit 13.
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The sharpness determination unit may comprise a high
pass filter (HPF) configured to receive the image frames 20
and filter out low frequency components thereof for identi-
fying edge information so as to obtain sharpness values of
the image frames 20. The sharpness values of the image
frames 20 may be provided to the condition determination
unit as well for determining the focus change condition
aforementioned.

In general, a sharpness value is proportional to the edge
information of the current scene taken by the image sensor
unit 11. The larger the sharpness value is, the clearer the
edge of the current image frame is. In other words, the larger
the sharpness value represents better focus. Therefore, it can
be estimated what the current focus distance is according to
the current sharpness value, and thus to determined which
direction the lens module 111 should be moved.

FIG. 2 is a schematic view illustrating an example of the
relationship between the current position value and adjust-
ment directions of the lens module 111. As shown in FIG. 2,
the lens module 111 may be adjusted close to the current
scene taken by the image sensor unit 11 in response to one
of the following conditions: the current position value is
larger than a far reference position value and the current
position value lies within a range between a close reference
position value and a central reference position value.

Otherwise, the lens module 111 may be adjusted away
from the current scene taken by the image sensor unit 11 in
response to one of the following conditions: the current
position value is smaller than the close reference position
value and the current position value lies within a range
between the far reference position value and the central
reference position value. Note that the far reference position
value, the central reference position value and the close
reference position value may be predetermined according to
different circumstances.

In detail, if the current position value is larger than the far
reference position value, it is suggested that the current
scene taken by the image sensor unit 11 may be at very far
place. Thus, the lens module 111 should be adjusted close to
the scene. On the contrary, if the current position value is
smaller than the close reference, it is suggested that the
current scene taken by the image sensor unit 11 may be at
very close place. Thus, the lens module 111 should be
adjusted away from the scene.

Furthermore, in response to that the current position value
lies within a range between the close reference position
value and the central reference position value, it is assumed
that the lens module 111 should be adjusted further close to
the scene. In response to that the current position value lies
within a range between the far reference position value and
the central reference position value, it is assumed that the
lens module 111 should be adjusted further away from the
scene. Based on the procedures, the lens control unit of the
image processing unit 15 may compare the current position
value with several predefined thresholds or predefined
ranges and determine the first adjustment direction accord-
ingly.

Upon the lens module 111 being adjusted according to the
first control signal 42, the next focus state and the next
sharpness value of the same image frame is again calculated
and compared with the previous sharpness value so as to
determine whether the lens module 111 has reached an
optimal adjustment position with best focus.

Specifically, the image processing unit 15 may determine
a second focus state of the same image frame upon the lens
module 111 being adjusted according to the first control
signal 42. The image processing unit 15 may determine
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whether the second focus state is within the focus range of
the lens module 111 or not. If the second focus state is within
the focus range of the lens module 111, as described earlier,
the image processing unit 15 determines an optimal adjust-
ment position of the lens module 111 according to a prede-
termined profile and then transmits a final control signal 40
carrying the optimal adjustment position to the image sensor
unit 11 to adjust the lens module 111.

Otherwise, if the second focus state is out of the focus
range of the lens module 111, the sharpness determination
unit of the image processing unit 15 calculates a second
sharpness value of the same image frame. The procedure in
which the image processing unit 15 determines whether the
second focus state is within the focus range of the lens
module 111 may be omitted in other embodiments, and this
will not affects enablement of the present invention.

Upon calculating the second sharpness value, the sharp-
ness determination unit of the image processing unit 15
further compares the second sharpness value with the first
sharpness value to determine a second adjustment direction,
and then determines a second adjustment position of the lens
module 111 according to the second adjustment direction.
Finally, the lens control module of the image processing unit
15 transmits a second control signal 44 carrying the second
adjustment position to the image sensor unit 11 to adjust the
lens module 111.

The second adjustment direction may be determined
based on the rule: the second adjustment direction is the
same as the first adjustment direction in response to the
second sharpness value being larger than the first sharpness
value; and the second adjustment direction is opposite to the
first adjustment direction in response to the second sharp-
ness value being smaller than the first sharpness value.

In detail, if the second sharpness value is larger than the
first sharpness value, it is suggested that the first adjustment
direction of the lens module 111 is correct. That is, the lens
module 111 is adjusted in correct direction. Thus, it is
determined that the second adjustment direction is the same
as the first adjustment direction. Otherwise, if the second
sharpness value is smaller than the first sharpness value, it
is suggested that the first adjustment direction of the lens
module 111 is incorrect. That is, the lens module 111 is
adjusted in wrong direction. Thus, it is determined that the
second adjustment direction is opposite to the first adjust-
ment direction.

The image processing unit 15 is further configured to
repeatedly adjust the lens module 111 of the image sensor
unit 11 in the same way as described before until an optimal
adjustment position of the lens module 111 with best focus
is determined. As described earlier, the larger sharpness
represents better focus. Thus, the lens control unit of the
image processing unit 15 may control the lens module 111
to move step by step and monitor corresponding change of
respective sharpness values.

If one of the sharpness values starts to decrease, or the
sign of a variance of two consecutive steps changes (from
positive to negative), it can be known that a maximum
sharpness value may be found. That is, an optimal adjust-
ment position of the lens module 111 with best focus
corresponding to the maximum sharpness value may be
obtained. Accordingly, the lens control module of the image
processing unit 15 transmits a final control signal 40 carry-
ing the optimal adjustment position to the image sensor unit
11 to adjust the lens module 111. Thus, the lens module 111
will be adjusted to the optimal position, and the focus
adjustment process may be terminated.
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A second embodiment of the present invention is as
shown in FIG. 3, which depicts a focus adjustment method.
The focus adjustment method of this embodiment can be
applied in an electronic device electronic device which
comprises an image sensor unit comprising at lease one lens
module, a pre-processing unit coupled with the image sensor
unit and an image processing unit coupled with the image
sensor unit and the pre-processing unit, e.g., the electronic
device 1 of the first embodiment.

As shown in FIG. 3A, step S301 is executed to capture a
plurality of image frames of at least one scene by the image
sensor unit. Step S302 is executed to process the image
frames to provide focus information of the image frames by
the pre-processing unit. In other embodiments, the Step
S302 may further comprise the step of deriving the focus
information from a predefined region of the image frames by
the pre-processing unit according to predefined region infor-
mation provided by the image processing unit.

Step S303 is executed to determine a focus change
condition of the image frames by the image processing unit.
Step S304 is executed to adjusting the lens module by the
image processing unit according to the focus information in
response to the focus change condition being satisfied.

Specifically, the focus change condition is determined as
being satisfied in response to a variance of at least one
predetermined characteristic value of at least two consecu-
tive image frames of the image frames exceeding a prede-
termined threshold. For example, the predetermined char-
acteristic value may be one of a brightness value, a motion
value and a sharpness value, etc.

In other embodiments, the electronic device may further
comprises a gravity sensor unit coupled with the image
processing unit, and the focus change condition is deter-
mined as being satisfied in response to a variance of the
gravity sensor values over a time period exceeding a gravity
sensor value threshold.

In addition to the aforesaid steps, the focus adjustment
method of this embodiment can also execute all the opera-
tions of the electronic device 1 set forth in the aforesaid
embodiments and accomplish all the corresponding func-
tions. The method in which the focus adjustment method of
this embodiment executes these operations and accom-
plishes these functions can be readily appreciated by those
of ordinary skill in the art based on the explanations of the
aforesaid embodiments, and thus will not be further
described herein.

A third embodiment of the present invention is as shown
in FIGS. 4A-4C, which depicts a focus adjustment method.
The focus adjustment method of this embodiment can be
applied in an electronic device electronic device which
comprises an image sensor unit comprising at lease one lens
module, a pre-processing unit coupled with the image sensor
unit and an image processing unit coupled with the image
sensor unit and the pre-processing unit, e.g., the electronic
device 1 of the first embodiment.

As shown in FIGS. 4A-4C, step S401 is executed to
capture a plurality of image frames of at least one scene by
the image sensor unit. Step S402 is executed to process the
image frames to provide focus information of the image
frames by the pre-processing unit. In other embodiments, the
Step S402 may further comprise the step of deriving the
focus information from a predefined region of the image
frames by the pre-processing unit according to predefined
region information provided by the image processing unit.

Step S403 is executed to determine a focus change
condition of the image frames by the image processing unit.
Specifically, the focus change condition is determined as
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being satisfied in response to a variance of at least one
predetermined characteristic value of at least two consecu-
tive image frames of the image frames exceeding a prede-
termined threshold. For example, the predetermined char-
acteristic value may be one of a brightness value, a motion
value and a sharpness value, etc.

In other embodiments, the electronic device may further
comprises a gravity sensor unit coupled with the image
processing unit, and the focus change condition is deter-
mined as being satisfied in response to a variance of the
gravity sensor values over a time period exceeding a gravity
sensor value threshold.

Step S404 is executed to obtain a first focus state of one
of the image frames by the image processing unit according
to the focus information. Next, Step S405 is executed to
determining whether the first focus state is within a focus
range of the lens module or not.

If the first focus state is within a focus range of the lens
module, Step S406 is executed to determine an optimal
adjustment position of the lens module by the image pro-
cessing unit according to a predetermined profile. Next, Step
S407 is executed to transmit a final control signal carrying
the optimal adjustment position from the image processing
unit to the image sensor unit to adjust the lens module. After
that, the focus adjustment method may be terminated.

Otherwise, if the first focus state is not within the focus
range of the lens module, i.e., the first focus state is out of
the focus range of the lens module, Step S408 is executed to
calculate a first sharpness value of the image frame and
determine a current position value of the lens module by the
image processing unit. Next, Step S409 is executed to
determine a first adjustment direction by the image process-
ing unit according to the current position value of the lens
module. The first adjustment direction can be determined
according to the embodiment of FIG. 2. Step S410 is
executed to determine the first adjustment position by the
image processing unit according to the first adjustment
position. The first adjustment position can be determined by
moving the lens module to a position a predetermined step
away from the current position of the lens module in the first
adjustment direction. Step S411 is executed to transmit a
first control signal carrying the first adjustment position
from the image processing unit to the image sensor unit to
adjust the lens module.

Specifically, in Step S409, the lens module is adjusted
close to the scene in response to one of the following
conditions: the current position value is larger than a far
reference position value and the current position value lies
within a range between a close reference position value and
a central reference position value; and the lens module is
adjusted away from the scene in response to one of the
following conditions: the current position value is smaller
than the close reference position value and the current
position value lies within a range between the far reference
position value and the central reference position value.

Step S412 is executed to determine a second focus state
of the image frames by the image processing unit upon the
lens module being adjusted according to the first control
signal. Next, Step S413 is executed to determine whether the
second focus state is within the focus range of the lens
module or not. If the second focus state is within the focus
range of the lens module, the Step S406 and Step S407 are
executed again in order.

Otherwise, if the second focus state is out of the focus
range of the lens module, Step S414 is executed to calculate
a second sharpness value of the image frame by the image
processing unit. Next, Step S415 is executed to compare the
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second sharpness value with the first sharpness value by the
image processing unit to determine a second adjustment
direction. Specifically, the second adjustment direction is the
same as the first adjustment direction in response to the
second sharpness value being larger than the first sharpness
value, and the second adjustment direction is opposite to the
first adjustment direction in response to the second sharp-
ness value being smaller than the first sharpness value.

Step S416 is executed to determine a second adjustment
position of the lens module by the image processing unit
according to the second adjustment direction. Step S417 is
executed to transmit a second control signal carrying the
second adjustment position from the image processing unit
to the image sensor unit to adjust the lens module.

Step S418 is executed to determine whether an optimal
adjustment position of the lens module with best focus is
determined or not. If yes, Step S418 is executed to transmit
a final control signal carrying the optimal adjustment posi-
tion from the image processing unit to the image sensor unit
to adjust the lens module. After that, the focus adjustment
method may be terminated.

If not, the Steps S412-S418 are execute again in order
until an optimal adjustment position of the lens module with
best focus is determined. That is, the image processing unit
repeatedly adjusts the lens module of the image sensor unit
in the same way until an optimal adjustment position of the
lens module with best focus is determined.

In addition to the aforesaid steps, the focus adjustment
method of this embodiment can also execute all the opera-
tions of the electronic device 1 and all the steps of the focus
adjustment method set forth in the aforesaid embodiments
and accomplish all the corresponding functions. The method
in which the focus adjustment method of this embodiment
executes these operations and accomplishes these functions
can be readily appreciated by those of ordinary skill in the
art based on the explanations of the aforesaid embodiments,
and thus will not be further described herein.

A fourth embodiment of the present invention is as shown
in FIG. 5, which depicts a focus adjustment method. The
focus adjustment method of this embodiment can be applied
in an electronic device electronic device which comprises an
image sensor unit comprising at lease one lens module, a
pre-processing unit coupled with the image sensor unit and
an image processing unit coupled with the image sensor unit
and the pre-processing unit, e.g., the electronic device 1 of
the first embodiment.

As shown in FIG. 5, Step S501 is executed to capture at
least one image frame by the image sensor unit. Step S502
is executed to determine a focus state and a sharpness value
of the image frame by the pre-processing unit. The focus
state and the sharpness value may be determined in a raw
image domain. Step S503 is executed to adjusting an adjust-
ment position of the lens module of the image sensor unit by
the image processing unit according to the focus state and
the sharpness value.

In addition to the aforesaid steps, the focus adjustment
method of this embodiment can also execute all the opera-
tions of the electronic device 1 and all the steps of the focus
adjustment method set forth in the aforesaid embodiments
and accomplish all the corresponding functions. The method
in which the focus adjustment method of this embodiment
executes these operations and accomplishes these functions
can be readily appreciated by those of ordinary skill in the
art based on the explanations of the aforesaid embodiments,
and thus will not be further described herein.

A fifth embodiment of the present invention is as shown
in FIG. 6, which depicts a focus adjustment method. The
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focus adjustment method of this embodiment can be applied
in an electronic device electronic device which comprises an
image sensor unit comprising at lease one lens module, a
pre-processing unit coupled with the image sensor unit and
an image processing unit coupled with the image sensor unit
and the pre-processing unit, e.g., the electronic device 1 of
the first embodiment.

As shown in FIG. 6, Step S601 is executed to capture at
least one image frame by the image sensor unit. Step S602
is executed to determine a focus state and a sharpness value
of the image frame by the pre-processing unit. The focus
state and the sharpness value may be determined in a raw
image domain. Step S603 is executed to determine an
adjustment algorithm by the image processing unit accord-
ing to the focus state.

Step S604 is executed to adjust the adjustment position of
the lens module by the image processing unit according to
a predetermined profile in response to the focus state being
within a predefined range. Step S605 is executed to adjust
the adjustment position of the lens module by the image
processing unit according to a position of the lens module
and the sharpness value in response to the focus state being
out of the predefined range.

In other embodiments, the Step S605 may further com-
prise the steps of: repeatedly adjusting the adjustment posi-
tion of the lens module by the image processing unit
according to a plurality of sharpness values of the image
frame determined by the pre-processing unit; comparing the
sharpness values by the image processing unit to obtain an
optimal adjustment position of the lens module correspond-
ing to the largest sharpness value of the sharpness values;
and adjusting the adjustment position of the lens module to
the optimal adjustment position by the image processing
unit.

In addition to the aforesaid steps, the focus adjustment
method of this embodiment can also execute all the opera-
tions of the electronic device 1 and all the steps of the focus
adjustment method set forth in the aforesaid embodiments
and accomplish all the corresponding functions. The method
in which the focus adjustment method of this embodiment
executes these operations and accomplishes these functions
can be readily appreciated by those of ordinary skill in the
art based on the explanations of the aforesaid embodiments,
and thus will not be further described herein.

According to the above descriptions, the present invention
provides an electronic device and a focus adjustment method
thereof. The electronic device and the focus adjustment
method thereof pre-process the image frames captured to
provide focus information of the image frames and adjust
the focus according to the focus information. Therefore, as
the subject followed or the current scene is out of focus in
response to movement of the electronic device, the elec-
tronic device and the focus adjustment method thereof can
immediately obtain the change of focus via the focus infor-
mation and effectively adjust the focus according to the
focus information. Consequently, the present invention pro-
vides a better solution to the problem in which the conven-
tional electronic devices can not effectively and immediately
adjust the focus in response to the subject followed or the
current scene being out of focus.

The above disclosure is related to the detailed technical
contents and inventive features thereof. Persons skilled in
this field may proceed with a variety of modifications and
replacements based on the disclosures and suggestions of the
invention as described without departing from the charac-
teristics thereof. Nevertheless, although such modifications
and replacements are not fully disclosed in the above
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descriptions, they have substantially been covered in the
following claims as appended.

What is claimed is:

1. An electronic device, comprising:

an image sensor unit comprising at least one lens module,
configured to capture a plurality of image frames with
different scenes in response to movement of the elec-
tronic device;

a pre-processing unit, coupled with the image sensor unit
and configured to process the image frames to provide
focus information of the image frames; and an image
processing unit, coupled with the image sensor unit and
the pre-processing unit and configured to analyze scene
change among the image frames to determine a focus
change condition of the image frames, determine
whether focus of one of the image frames needs to be
adjusted according to the focus change condition, and
start to adjust the focus by adjusting the lens module
according to the focus information when the focus
change condition is determined to be satisfied.

2. The electronic device as claimed in claim 1, wherein
the pre-processing unit derives the focus information from a
predefined region of the image frames according to pre-
defined region information provided by the image process-
ing unit.

3. The electronic device as claimed in claim 1, wherein
the focus change condition is determined as being satisfied
in response to a variance of at least one predetermined
characteristic value of at least two consecutive image frames
of the image frames exceeding a predetermined threshold,
and the predetermined characteristic value is one of a
brightness value, a motion value and a sharpness value.

4. The electronic device as claimed in claim 1, further
comprising a gravity sensor unit coupled with the image
processing unit, the gravity sensor unit being configured to
provide gravity sensor values, wherein the focus change
condition is determined as being satisfied in response to a
variance of the gravity sensor values over a time period
exceeding a gravity sensor value threshold.

5. The electronic device as claimed in claim 1, wherein
the image processing unit is further configured to:

obtain a first focus state of one of the image frames
according to the focus information;

determine a first adjustment position of the lens module
according to the first focus state; and

transmit a first control signal carrying the first adjustment
position to the image sensor unit to adjust the lens
module.

6. The electronic device as claimed in claim 5, wherein

the image processing unit is further configured to:
calculate a first sharpness value of the image frame and
determining a current position value of the lens module
in response to the first focus state being out of a focus
range of the lens module;

determine a first adjustment direction according to the
current position value of the lens module; and

determine the first adjustment position of the lens module
according to the first adjustment direction.

7. The electronic device as claimed in claim 6, wherein
the lens module is adjusted close to the scene in response to
one of the following conditions: the current position value is
larger than a far reference position value and the current
position value lies within a range between a close reference
position value and a central reference position value; and the
lens module is adjusted away from the scene in response to
one of the following conditions: the current position value is
smaller than the close reference position value and the
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current position value lies within a range between the far
reference position value and the central reference position
value.

8. The electronic device as claimed in claim 6, wherein
the image processing unit is further configured to:

determine a second focus state of the image frames upon
the lens module being adjusted according to the first
control signal;

calculate a second sharpness value of the image frame in
response to the second focus state being out of the focus
range of the lens module;

compare the second sharpness value with the first sharp-
ness value to determine a second adjustment direction;

determine a second adjustment position of the lens mod-
ule according to the second adjustment direction; and

transmit a second control signal carrying the second
adjustment position to the image sensor unit to adjust
the lens module.

9. The electronic device as claimed in claim 8, wherein
the second adjustment direction is the same as the first
adjustment direction in response to the second sharpness
value being larger than the first sharpness value, and the
second adjustment direction is opposite to the first adjust-
ment direction in response to the second sharpness value
being smaller than the first sharpness value.

10. The electronic device as claimed in claim 8, wherein
the image processing unit is further configured to repeatedly
adjust the lens module of the image sensor unit in the same
way until an optimal adjustment position of the lens module
with best focus is determined.

11. A focus adjustment method for use in an electronic
device, the electronic device comprising an image sensor
unit comprising at least one lens module, a pre-processing
unit coupled with the image sensor unit and an image
processing unit coupled with the image sensor unit and the
pre-processing unit, the focus adjustment method compris-
ing the following steps of:

(a) capturing a plurality of image frames with different
scenes in response to movement of the electronic
device by the image sensor unit;

(b) processing the image frames to provide focus infor-
mation of the image frames by the pre-processing unit;

(c) analyzing scene change among the image frames to
determine a focus change condition of the image
frames by the image processing unit; and

(d) determining whether focus of one of the image frames
needs to be adjusted according to the focus change
condition by the image processing unit and starting to
adjust the focus by adjusting the lens module by the
image processing unit according to the focus informa-
tion when the focus change condition is determined to
be satisfied.

12. The focus adjustment method as claimed in claim 11,

wherein the step (b) further comprises the following step of:

(b1) deriving the focus information from a predefined
region of the image frames by the pre-processing unit
according to predefined region information provided by
the image processing unit.

13. The focus adjustment method as claimed in claim 11,
wherein the focus change condition is determined as being
satisfied in response to a variance of at least one predeter-
mined characteristic value of at least two consecutive image
frames of the image frames exceeding a predetermined
threshold, and the predetermined characteristic value is one
of a brightness value, a motion value and a sharpness value.

14. The focus adjustment method as claimed in claim 11,
wherein the electronic device further comprises a gravity
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sensor unit coupled with the image processing unit, and the
focus change condition is determined as being satisfied in
response to a variance of gravity sensor values provided by
the gravity sensor unit over a time period exceeding a
gravity sensor value threshold.

15. The focus adjustment method as claimed in claim 11,
wherein the step (d) further comprises the following steps
of:

(d1) obtaining a first focus state of one of the image
frames by the image processing unit according to the
focus information;

(d2) determining a first adjustment position of the lens
module by the image processing unit according to the
first focus state; and

(d3) transmitting a first control signal carrying the first
adjustment position from the image processing unit to
the image sensor unit to adjust the lens module.

16. The focus adjustment method as claimed in claim 15,

wherein the step (d2) further comprises the following steps:

(d21) calculating a first sharpness value of the image
frame and determining a current position value of the
lens module by the image processing unit in response
to the first focus state being out of a focus range of the
lens module;

(d22) determining a first adjustment direction by the
image processing unit according to the current position
of the lens module value; and

(d23) determining the first adjustment position by the
image processing unit according to the first adjustment
position.

17. The focus adjustment method as claimed in claim 16,
wherein the lens module is adjusted close to the scene in
response to one of the following conditions: the current
position value is larger than a far reference position value
and the current position value lies within a range between a
close reference position value and a central reference posi-
tion value; and the lens module is adjusted away from the
scene in response to one of the following conditions: the
current position value is smaller than the close reference
position value and the current position value lies within a
range between the far reference position value and the
central reference position value.

18. The focus adjustment method as claimed in claim 16,
further comprising the following steps of:

(d4) determining a second focus state of the image frames
by the image processing unit upon the lens module
being adjusted according to the first control signal;

(dS) calculating a second sharpness value of the image
frame by the image processing unit in response to the
second focus state being out of the focus range of the
lens module;

(d6) comparing the second sharpness value with the first
sharpness value by the image processing unit to deter-
mine a second adjustment direction;

(d7) determine a second adjustment position of the lens
module by the image processing unit according to the
second adjustment direction; and

(d8) transmitting a second control signal carrying the
second adjustment position from the image processing
unit to the image sensor unit to adjust the lens module.

19. The focus adjustment method as claimed in claim 18,
wherein the second adjustment direction is the same as the
first adjustment direction in response to the second sharp-
ness value being larger than the first sharpness value, and the
second adjustment direction is opposite to the first adjust-
ment direction in response to the second sharpness value
being smaller than the first sharpness value.
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20. The focus adjustment method as claimed in claim 18,
further comprising the following step of:

(d9) repeatedly adjusting the lens module of the image
sensor unit in the same way by the image processing
unit until an optimal adjustment position of the lens
module with best focus is determined.

21. A focus adjustment method for use in an electronic
device, the focus adjustment method comprising the follow-
ing steps of:

(a) capturing a plurality of image frames with different
scenes in response to movement of the electronic
device by an image sensor unit;

(al) analyzing scene change among the image frames to
determine a focus change condition of the image
frames by an image processing unit;

(b) determining a focus state and a sharpness value of one
of the image frames by a pre-processing unit; and

(c) determining whether focus of the image frame needs
to be adjusted according to the focus change condition
by the image processing unit and starting to adjust the
focus by adjusting an adjustment position of a lens
module of the image sensor unit by the image process-
ing unit according to the focus state and the sharpness
value.

22. The focus adjustment method as claimed in claim 21,

wherein the focus state and the sharpness value are deter-
mined in a raw image domain.
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23. The focus adjustment method as claimed in claim 21,

wherein the step (c) further comprises the following steps of:

(cl) determining an adjustment algorithm by the image
processing unit according to the focus state;

(c2) adjusting the adjustment position of the lens module
by the image processing unit according to a predeter-
mined profile in response to the focus state being within
a predefined range; and

(c3) adjusting the adjustment position of the lens module
by the image processing unit according to a position of
the lens module and the sharpness value in response to
the focus state being out of the predefined range.

24. The focus adjustment method as claimed in claim 21,
wherein the step (c3) further comprises the following steps
of:

(c31) repeatedly adjusting the adjustment position of the

lens module by the image processing unit according to
a plurality of sharpness values of the image frame
determined by the pre-processing unit;

(c32) comparing the sharpness values by the image pro-
cessing unit to obtain an optimal adjustment position of
the lens module corresponding to the largest sharpness
value of the sharpness values; and

(c33) adjusting the adjustment position of the lens module
to the optimal adjustment position by the image pro-
cessing unit.



